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nk Section Fs SETTLEMENT OF STRUCTURES

No. F-12 SETTLEMENT RECORDS AND LOADING DATA FOR VARIOUS BUILDINGS ERECTED BY THE
PUBLIC WORKS DEPARTMENT, MUNICIPAL COUNCIL, SHANGHAI 

N. W. B. Clarke, M.Eng., A.M.Inst.C.B., M.I.Struct.E., A.M.Inst.W.E. 
and J. B. Watson, B.Sc.(Eng.), A.M.Inst.C.E., A.M.I.Struct.E.

Scope. The information contained in this contribution consists of loading data and settlement records 
for various buildings erected by the Public Works Department of the Shanghai Municipal Council together 
with two appendices' on local foundation practice. Full data concerning the design and construction of 
these buildings has been available to the authors and the settlement observations have been made and 
recorded under their direction.

The Local Soil. Information regarding the Shanghai soil is included in a separate contributian("Pile- 
driving and Test-loading Records", Paper No. I-lj., Vol. II)

Loading and Construction Data.
T. Small scale plans (Fig. 1 to 10) and cross-sections are appended for those buildings for which

settlement records are given. These indicate general construction and type of foundation, dimen
sions, pile layout, footing depth, level station positions, and positions and nature of reference 
bench marks. They enable the weight of buildings to be roughly estimated where this is not stated 
elsewhere. A site plan of Ward Road Gaol is also included, giving dates of footing construction. 
(Fig. 11)

2. Pile driving data. A summary of the pile-driving records, where available, is given in a separate 
contribution ("Pile-driving and Test-loading Records", Paper No. I-Jj., Vol. II). This gives some 
indication of the relative strength of the upper layers of the soil immediately under several of 
the recorded buildings.

3. General Data. (See Table I)
(a) Age of building is taken from the date of commencing footing construction.
(b) Date of construction. Defined as date of commencing footing construction.
(c) Occupancy. Self explanatory.
(d) Loading. The headings are as follows«-

(1) Wd = total dead load of building including panel walls, partitions, boilers, tanks, etc., 
flooring, roofing, footings, and any earth fill and floor slab immediately above the 
footings.

(2) W^0= total effective live load. This represents the "live" load estimated to be actually 

imposed on the footings, as distinct from the design or "code" loading, and although an 
approximate figure, gives a much more accurate value for the live load on the footings 
than the summation of "code" loads for individual floors. In most examples, W^e has been 
estimated on the basis of 20 lbs. per square foot for floors, and 5 lbs. per square foot 
for roofs, balconies and verandahs. The total effective live load, thus estimated, 
amounts to only about L\.% to 9% of W<j.

(3) We = Wd +  W]_e = total effective load on foundation.
(4) Wic= total "code" live load. Included for comparison with W^a. It varies from li|/£ to

3h% of wd .

(5) Wd — total dead load in lbs per square foot of the gross area of the envelope containing 

A -
all footings. (See (e) (3) below.)
We is the corresponding figure for effective load.
V

These figures indicate the intensity of pressure on the loaded area covered by the 
building, irrespective of the extent by which the upper layers of the soil are relieved 
of direct pressure by piles.

(6) Wd _ total dead load and = the total effective load, in lbs per square foot of the 
fj, ZA>
summed areas of the individual footings or of all parts of the "skeleton" raft and indi
cate the average localized pressures, disregarding the effect of piles.

(e) Size of building.
(1) V = total volume in cubic ft calculated from surface of roof to base of raft, or in the 

case of independent footings to a horizontal line drawn at half depth of footings below 
ground floor.

(2) We = effective density of building in lbs per cubic foot. This figure may be of assis-
V
tance in comparisons of the effective loads of other buildings of similar type. Of the 
buildings cited, those having domestic occupancy all have an effective density of from 29 
to 3I4. lbs per cubic foot, while those of the prison type give a figure of approximately 
23 lbs per cubic foot.

(3) Area.
A = the gross area of the envelope containing all footings; (sq ft)
^A1 = the summed areas of individual footings, or of all parts of the skeleton raft.
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(ij.) Perimeter.
L = approximate external perimeter of the en
velope containing the gross area, A.
Z L 1 = summation of perimeters of individual 
footings or of all parts of the skeleton raft,

(5) Shape factor.
A±  = ratio of gross area to its external perimeter. 
L

- ratio of summed separate areas to summed
2L'
separate perimeters.

(6) Depth of footing below surface. This has an im
portant influence on settlement.

(f) Piling Data.
(1) Type of pile. All the piles used were round, 

tapered, natural Oregon pine logs. The average 
taper was 0.8 inch of diameter in 10 feet.

(2) P = length of pile (in feet). This has an imr- 
portent influence on settlement.

(3) Skinfriction and 6oil bearing stresses.
(a) Wa
' ' , ° — skinfriction in lbs per square

£(oavp;
foot of surface area of pile in terms of 
effective load, assuming the entire effective 
load to be carried by the piles, where 0av = 
mean circumference of a pile. This figure is 
the highest average skinfriction stress which 
could occur if the soil took no direct load.
It will be noted that in the Juvenile Block 
and Cell Block R.S. this figure considerably 
exceeds the probable ultimate capacity of the 
piles, and consequently some of the load is 
certainly being taken by direct bearing on 
the soil.

(b) Pressure occurring on net area of soil in 
terms of effective load, assuming pile capa
city limited to 1+50 lbs per square fooo skin- 
friction. This figure indicates the probable 
true loading conditions under the various 
buildings. An ultimate capacity of the pile 
of 450 lbs per square foot, in the opinion of 
the authors, is a fair average value for 
timber piles in Shanghai. In most buildings 
sufficient piles were provided to carry the 
entire effective load without assistance from 
the soil in. direct bearing under the footings.

(c) Empirical hasis of original design, using the 
"code" loading. These figures give skinfric
tion and soil bearing stresses under "code" 
loading for comparison with those under effec
tive loading.

(d) Index of pile intensity over area of founda
tion.
5. ap.av

= ratio of summed mean cross-sec-

tional areas of piles to gross area of foun
dation, 
and Zac___

= ratio of slimmed mean cross-
p.av

X  A 1
sectional areas of piles to summed areas of 
separate footings.
where ap.ftv.= mean cross-sectional area of a 
single pile.

These figures are included, as spacing 
intensity affects pile efficiency.

Settlement Records. Method of observation. The instrument 
used was a modern Zeiss level, with micrometer adjustment.
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The level stations were frustum shaped 
C.I. blooks having a narrow horizontal 
slot to carry a steel insert on which 
to support the levelling staff, perma
nently grouted into the plinths of the 
buildings at various convenient points; 
(See small-scale plans, Fig. 1 to 10.) 
The number, nature, and position of 
the reference bench marks used cure also 
indicated on the plans. Three refer
ence bench marks were used in every 
case, in order to detect and correct 
their movements.
The Settlement Curves. (Fig. 12 to 23) 

The settlement records do not 
start from the date of commencing 
footings and are therefore incomplete, 
but they do indicate the rate and 
amount of settlement after completion 
of the building. The loading curves 
drawn on the same sheets are approxi
mate over the period of construction, 
but the various construction and occu
pancy dates are accurate. All points 
indicated on the curves are actual 
readings, no interpolation having been 
permitted. Curves are given for indi
vidual level stations (Fig. 12 to 22) 
and for average settlement of complete 
buildings (Fig. 23). In the latter, 
the curves for buildings having base
ments of appreciable size are shown in 
red, as depth of footing (and perhaps 
"buoyancy") appears to have had a 
greater influence towards minimizing 
settlement than other factors, except 
perhaps site variation in "strength" 
of soil. From the wavy form common 
to all the settlement curves it appears 
probable that most of the buildings 
recorded will continue to settle for 
some years. The asymptotic tendency 
noticeable in several curves is prob
ably temporary. A site plan of the 
Ward Road Gaol is included, (Fig. 11) 
giving ages of various buildings likely 
to influence the settlement of others 
recorded.

Acknowledgements. The authors are 
indebted to the Commissioner of Publio 
Works, Shanghai Municipal Council, for 
permission to publish the records and 
data contained herein, and to members 
of the staff for their assistance in 
preparing tables and curves.

APPENDIX 1

A summary of present good foundation 
practice in Shanghai.
Maximum allowable stresses for normal 
construction where some even settlement 
is permissible.
On soil direct

Shallow foundations
Dead load only.- 1,000 lbs per 
s cj. ft.
Dead plus "Code" live load. -
1,500 lbs per sq. ft.
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Deep foundations
Add 100 lbs per ft of depth over 5 feet to above values.

Skinfriction on timber piles (in terms of "code" load and assuming all load carried by piles)
Parallel - 200 lbs. per sq ft 
Wedge - 308 lbs. per sq ft 
Natural) _ per Sq
tapered)

Reduced skinfriction stresses are used where direct soil bearing between piles or groups of piles 
is taken as assisting in supporting the building.

All modified for poor soil, nature of loading, vibration, close pile spacing, high load variation, 
and live load duration.

Design.
Directed towards ensuring limited even settlement.
Coincidence of centres of gravity of load and resistance checked.
"Code" live loads replaced by "Effective" permanent live loads.
Sharp changes in loading avoided or slip joints or double-hinges provided.
Requisites embodied in New Building Rules - See Appendix 2.
Rafts, skeleton rafts and individual footings all used as conditions require.
The new Building Code provides for offsetting the detrimental effect of differential settlement on 
beams. (See Appendix 2) Whilst leaving the designer free as regards stiffness of joints, it ensures 
adequate strength of the beams in the event of free moment conditions occurring.

Height of buildings.
The highest buildings so for constructed in Shanghai are from 15 to 22 storeys and up to 260 feet 

high, including tower.
Basements.

Most of the taller buildings have been constructed with basements of not more than about 20 feet 
deep.

Pile used.
Timber single natural unsown Oregon Pine logs up to 100 ft long.
Timber jointed natural unsawn Oregon Pine logs up to 120 ft long.
Various composite (concrete and timber) up to 130 ft long.
Wedge timber up to 15" x 12" to 15" x 3" x 50'
Sheet piles of reinforced concrete, timber and steel up to about 50' long used for lateral loads or 
combination of lateral and vertical loads.
Single length inclined piles for inclined loading and vibration.

Pile spacing.
Long piles at wide spacing preferred.
Minimum spacing 3 dias., or 3 ft whichever is greater.
Minimum spacing increased with length.

Pile Monkeys.
Heavy monkeys (up to 15,000 lbs) or steam hammers preferred.

Other practical points.
Bearing piles are driven before excavating and before driving sheet piles for excavations.
Timber cut off below permanent water level.
Bottom of excavation covered immediately exposed, with V  to 6" of coarse concrete to prevent 
disturbance of soil. Piles project through this layer into structural concrete.
Drainage of adjacent foundations avoided as far as possible.

APPENDII 2

Proposed Revision of S.M.C. Building Rules for Foundations

Excavations.
All excavations for foundations shall be carried out and maintained in such manner as to avoid 

danger to the public.
Design of Foundations.

All foundations shall be designed, having regard to the conditions on the site, so as to comply 
with the following requirements

To balance the most probable loading condition likely to cause settlement as well as to 
resist the full column loads.
To avoid serious stresses due to variable settlement in different parts of the building.
To avoid serious settlement of the^Buiiding as a whole..

Sub-foundation. , " "
A sub-foundation of coarse concrete shall be laid below all reinforced concrete foundations.

Piles.
The finished tops of any piles shall protrude at least 1 inch above the sub-fcundation.
The tops of timber piles shall be carried down to a level which ensures preservation of the timber. 

Ground Bearing Capacity.
The pressure of unpiled foundations on undisturbed natural ground shall not exceed the following 

values t-
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1,000 lbs per square foot for dead load only.
1,500 lbs per square foot for dead load and live 
load combined.

Proposed amended Building Rule "Bending Moments."
In order to estimate the bending moments on a beam or slab, the effective span and the whole load 

on the effective span shall be considered.
Continuous beams shall be assumed free to rotate about their supports.
The bending moments to be provided for at every cross-section of any continuous beam or slab shall 

be the maximum positive and negative moments at such cross-section calculated in accordance with one or 
other of the following sets of conditions:-

(a) From support moments theoretically calculated:-
(1) With alternate spans loaded and all other spans unloaded.
(2) With adjacent spans loaded and all other spans unloaded.
Where the positive moments so obtained are less than g- the free moment, at least the
positive free bending moment shall be provided for.

(b) From support moments arbitrarily chosen to be between l/7 and 1/3 of the maximum free bending
moment in a span 1-
(1) With that span loaded.
(2) With that span unloaded, but with support moments chosen as above for adjacent loaded 

spans.
In all beams at least ^ of the maximum positive reinforcement shall extend to the centre line of 

the supports.

No. F-13 FOUNDATION DATA
Mr. J. A. Favret, Engineer-in-Chief, Compagnie Française De 

Tramways & d'Sclairage Electriques De Shanghai, China
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1 .  - Lokawei Old Power Station.
Sets No 1 and 2........ 1922 2320 180.24 1.29

1924 2420 184.14 1.31
1925 2420 180.142 1.34

Set No 5.............. 1927 2700 201.76 1.34
Set No ó .............. 1929 2700 205.92 1.31
Set No 7.............. 1931 2700 205.92 1.31

1931 2700 205.92 1.31
2.- Lokawei New Power Station. 1934 10200 1550 - 0.66

3 - Tonkadou Power Station. 1930 3330 518.5 0.64

4 - Picard-Destelan Water Tank 1928 IÌ4OOO 2725 O .51

5 - Koukaza Water Tanks 
(entirely underground)

1933 -7755
(negative

load)

1530 O .51

Item No 1. The Lokawei Old Power Station is a building in reinforced concrete with separate foundations 
for each of the pillars, about the subsidence of which we have no very precise data. Inside this 
station are installed 7 huge concrete blocks, practically solid, on top of which are installed the 
Electricity generating sets of the station. The figures given refer to all of these sets (Sets 1 
and 2 being built on the same foundation blocks).

Item No 2. The Lokawei New Power Station is a building which comprises:
a) a basement made of reinforced concrete whioh at its bottom forms a solid unbroken floor. This 

basement is made to support 2 big Electricity generating sets, only one of whioh is at present 
installed;

b) an upper structure of steel and bricks, serving to house the 2 generating sets and to support a
14.5-ton travelling crane.

Item No 5» The Tonkadou Power Station is constructed along lines similar to item No 2.
Item No~l4. The Pioard-Destelan Water Tank is a reinforced concrete tank of rectangular shape, which is 

almost entirely above ground level.
Item No 5» The Koukaza Water Tanks are 4 in number. The particulars given above refer to one only of 

these tanks. Contrary to Picard-Destelan Water Tank, the Koukaza tanks are entirely below ground. 
In fact they have been constructed in the French Municipal Park of Koukaza and the top of these 
tanks is approximately 3 feet below ground level. They have been entirely covered with earth and


